• Organic dust exposure in farming has been shown to have a negative effect on lung function among older adults, especially among pig and dairy farmers.
• The effect on the lungs of young adult farmers may be different as their lungs have not yet fully developed, but only few longitudinal studies have looked at this.
• We found no differences in lung function Δz-scores between farmers and controls; however being a current farmer was associated with a negative effect on lung function compared to ex-farmers with females being more susceptible.
• Smoking was associated with a negative effect on lung function and being raised on a farm was protective against the adverse effect of BHR on change in lung function.
• Preventive measures to reduce occupational exposures from farming should include those of a young age and advice against smoking should be given at every opportunity.
What this paper adds INTRODUCTION
Organic dust exposure in farming has a negative effect on lung function, especially among pig and dairy farmers [1] [2] [3] [4] [5] . The effect on the lungs of young adult farmers may be different as their lungs have not yet fully developed. Lung function increases continuously until the mid-20s, and then plateaus before starting to decline from about 30-35 years of age [6] . To compare a subject's lung function against reference equations from late teens to adulthood has previously been difficult because of the need to use separate equations for subjects up to their late teens and for adults from 18 years onwards. Recently, the Lambda-Mu-Sigma equations (LMS) [7] from the Global Lung Initiative project (GLI-2012) [8] have become available. With one set of equations they cover lung function from the age of 3 to 95 years in the general population. This permits lung function comparisons in population terms (as z-scores), making it possible to assess lung function changes in young adults in a consistent way without using discordant equations.
Prospective studies of the specific effect of farming exposure on lung function among young adults have been few and sparse in terms of population size and time of follow-up. Prior et al. [9] showed a slight overall decrease in FVC over a 4 year follow-up period in a group of 42 young farmers. A larger population based study showed that after 9 years of follow-up young individuals exposed to dusts, gases, and fumes in different occupations (including farming) did not have a steeper overall decline in lung function than individuals without occupational exposure [10] . We have applied the data from the large Danish SUS cohort [11] (Sund Stald/Healthy Farm Project) of young farming students in a 15 year follow-up study to explore the effect of farming exposure on lung function at young age.
METHODS

Study population
The SUS cohort was established in 1992 with the intention to study the health effects of farming exposure.
The original cross-sectional study consisted of 2478 farming students identified during their second stay at the farming schools in Denmark during the period February 1992 to February 1994. Of 2004 students (81%) who indicated that they wished to participate, 40 (2%) did not attend for their baseline clinical assessment.
The final group consisted of 1734 male and 230 female farming students. Male army draftees examined prior to decision of recruitment were invited to participate as controls, provided that they came from rural areas and with no intention of becoming farmers. There were 967 eligible army draftees of whom 592 (61%) agreed to participate. A random sample of 407 of these male recruits were chosen and used as controls in the study.
The cohort consisted of young adults with a median (interquartile range) age of 18.7 yrs (18.2 -19.5) . In 2007 and 2008 we did a large follow-up of the cohort with a participation of 51.7% of the 2262 cohort members who could be identified [11] . This paper considers the effect of occupational farming exposure on lung function during young adulthood.
We therefore excluded all participants above 25 years of age at baseline (male farmers n=15, female farmers n=11). Additionally ten participants had missing spirometry measurements and were therefore excluded. The follow-up group (n=1134) comprised 866 male farmers, 96 female farmers, and 172 male controls (Fig. S1 ).
The SUS study and the SUS follow-up study were both approved by the ethics committee of Aarhus County (AA-19912197 and AA-20070074 respectively) and the Danish Data Protection Agency. Informed written consent was obtained from all participants.
Questionnaires
Participants answered questionnaires based on the modified British Medical Research Council questionnaire [12] supplemented with questions from the European Community Respiratory Health Survey [13] at followup. The questionnaires dealt with general health issues, respiratory symptoms, asthma, allergy, smoking habits, and occupational history. All participants with occupational farming experience filled in a farmingspecific occupational questionnaire covering the type and level of farming exposure for all employments since age 15.
Measurements
Lung function was assessed at baseline and follow-up by measuring FEV1, FVC, and FEV1/FVC according to guidelines of the American Thoracic Society/European Respiratory Society (ATS/ERS) [14] using a dry wedge spirometer (S-type spirometer no. 20.600, Vitalograph Ltd, Buckingham, UK) with a maximum volume of 7.7 L. The GLI-2012 equations [8] were applied to calculate the main outcome measures as change in z-scores (Δz-scores) during follow-up for the three lung function indices taking age, height, sex and ethnicity into consideration. The study lacks female controls, however z-scores have been calculated comparing female farmers with women in a reference population (GLI2012), hereby taking sex into account before comparing z-scores between farmers (female and male) and controls (male).
Height was measured at baseline and follow-up and weight at follow-up, from which follow-up BMI was calculated. Bronchial hyper-responsiveness (BHR), expressed as PD20 for FEV1, was assessed with histamine at baseline and methacholine at follow-up using a modified [15] Yan method [16] . Studies have shown that these agents are comparable [17] . At baseline and follow-up skin prick testing was performed as previously described [15] . Positive atopic status was defined as at least one positive reaction of ≥3 mm in mean diameter to any of 9 common aero-allergens [11] provided a negative control.
Exposure assignment
The cumulative exposures to dust and endotoxin during follow-up were estimated for every participant based on personal exposure measurements (n=507 among 327 farmers) performed in 2008-2009 [18] . Mean time-weighted average (TWA, 8-hour) dust and endotoxin concentrations for pig, cattle and field farming were estimated. For every participant the total number of work years in swine, cattle, and field farming, standardised to a 40-hours work week, were calculated from the occupational questionnaires. Cumulative exposures were calculated as the sum of the products of the TWA dust and endotoxin concentrations and the total work years during follow-up for each type of work.
Smoking was expressed as pack-years (equal to 20 cigarettes·day -1 ·yrs) during the follow-up period.
Participants were divided into never smokers, ex-smokers, and current smokers at follow-up. Smokers who quit smoking less than two years before follow-up were defined as current smokers. Current smokers were split into low (0-10 pack-years) and high (10-59 pack-years) accumulated smoking exposure during the follow-up period.
Data analyses
Statistical analysis was carried out using STATA 12.1. For normally distributed data, mean ± SD was reported and for non-normally distributed data, median (min-max or interquartile range) was reported.
Baseline z-scores (zFEV1, zFVC and zFEV1/FVC) and height were normally distributed and comparisons between participants and non-participants were made using Students' t-test. The continuous variables for absolute lung function values and changes in z-scores during follow-up were normally distributed and here comparisons between farmers and controls were made using analysis of variance (ANOVA). Mann-Whitney within group comparison was used to compare changes in z-scores between smokers and nonsmokers. For the categorical variables "Smoker", "Raised on a farm", "Asthma", and "BHR" χ 2 -tests were used to compare farmers and controls. Spearman correlation coefficients were estimated to examine the relationship between dust and endotoxin exposure.
Possible confounders considered for multivariable linear regression analysis were sex, side-job with high dust exposure, other dust exposures, lung disease, BMI, smoking, farm upbringing, urban upbringing, bronchitis, BHR, atopy, self reported asthma, and second hand smoking (smokers in childhood home). The final models included a priori selected confounders with plausible effect on lung function change. First order interactions between exposures and confounders were explored. The level of significance was set at p˂0.05.
RESULTS
Comparing baseline characteristics of participants and non-participants aged < 25 years at baseline showed few differences (Table S1 ). The participation rate at follow-up was 51.7%. Those failing to participate in the follow-up were more likely to have been smokers at baseline. Participating male farmers were more likely to have been raised on a farm, had less asthma at baseline and had significantly better zFEV1 and zFEV1/FVC at baseline compared to non-participating male farmers. The same tendencies were seen for controls.
The demographics and exposure characteristics of the follow-up cohort can be seen in Table 1 . The cumulative dust and endotoxin exposures among farmers (male and female) had a median (min-max) of 8.2 (0-71) mg·m -3 ·yrs and 2,400 (0-32,000) EU·m -3 ·yrs, respectively. The exposures were divided into quartiles for further analysis. The distribution of male and female farmers in the different quartiles of endotoxin was even, but for dust quartiles the distribution was a bit uneven with more female in the lower quartiles of dust exposure (p<0.05, χ 2 test). Dust and endotoxin exposures were strongly correlated (correlation between quartiles: Spearman ρ=0.93, p<0.001). A few controls (8/172) reported a small amount of farming exposure, but were for further analyses still treated as controls. Compared to male controls the proportion of high current smoking was greater and the proportion of ex-smoking was lower among male farmers (p<0.05, χ 2 test).
Comparing ex-farmers and current farmers (table S2) showed differences concerning height (current farmers were on average 2 cm taller at both baseline and follow-up), asthma, which was less prevalent among current farmers at baseline, z-score for FEV1/FVC, which started significantly higher at baseline for current farmers despite zFEV1 and zFVC not being significantly different at baseline between the groups. Also smoking showed differences with current farmers being more likely to be never-smokers and less likely to be current smokers at follow-up compared to ex-farmers. Significantly more current farmers were raised on a farm and had more years of active farm work during follow-up compared to ex-farmers. Similarly current farmers were more likely to be in the higher quartiles of dust and endotoxin exposure than ex-farmers.
The absolute lung function values at baseline and follow-up expressed as mean ± SD are shown in Table S3 together with baseline z-scores and the change in z-scores during follow-up. The absolute values for FVC increased during follow-up and decreased slightly for FEV1. The baseline z-scores for FEV1 and FVC in male farmers were slightly but non-significantly lower than in controls. For change in z-scores during follow-up, there was no significant difference between farmers and controls. When stratified by smoking status at follow-up there was a significant difference in ΔzFEV1 between smokers and non-smokers but only among the farmers (Table 2) .
Table 2
Change during follow-up in z-scores for lung function stratified by follow-up smoking status. For both female and male farmers the positive change in ΔzFEV1 during follow-up was significantly smaller among smokers compared to non-smokers. The ΔzFEV1/FVC during follow-up was more negative in male farmers who smoked compared to non-smokers. There was a similar non-significant trend in the female farmers. Smoking did not affect the controls to the same degree as the farmers.
Multivariable Table 3 .
Table 3
Estimates of the expected change during follow-up for lung function z-scores per unit change in predictor variables, when comparing farmers to controls. (n=1058). E=Estimate. 95% CI=95% Confidence Interval. p=p-value.
Regression
Predictors included in the models were a priori selected based on plausible confounding effects on the change in lung function z-scores. Being a current or an ex-farmer compared to a control was not associated with a significant difference in change in z-score. High current smoking and follow up BMI had a negative effect on both ΔzFEV1 and ΔzFVC and being raised on a farm mitigated the effect. In order to quantify the absolute impact on lung function, we found that a change of 1 z-score in FEV1 equates to 515.5 mL for a man aged 25 years with height 175 cm [8] , and for FVC equates to 622.8 mL. From Table 3 the effect of being a high current smoker equates to the FEV1 being 124 mL (95% CI, 72-180 mL) lower than a nonsmoking control at the end of follow-up and the FVC being 62 mL (95% CI, 2-131 mL) lower. Sensitivity analyses adjusting for smoker/non-smoker at follow up did not change the estimates of effect. Sensitivity analyses excluding the female farmers also showed similar results (data not shown).
Being raised on a farm was associated with a larger positive ΔzFEV1 and ΔzFVC compared to those not raised on a farm, whereas baseline BHR significantly reduced ΔzFVC. Looking at BHR-stratified analyses we found that among those without BHR at baseline (n=965) being raised on a farm no longer had a significant effect on ΔzFEV1 and ΔzFVC, but in those with BHR at baseline (n=93) being raised on a farm .001) and exactly the same interaction was seen between baseline atopy and being raised on a farm.
These findings were stronger when controlling for baseline values of zFEV1 and zFVC, arguing that the protective effect of being raised on a farm was not due to preexisting impairment of lung function.
Multivariable linear regression analyses (equivalent to Table 3 ) stratified by baseline atopy did not change the estimates of effect of farmer status but showed a stronger negative effect of BHR among atopics (n=158) than non-atopics (n=895) especially on ΔzFVC (-0.23, p=0.05 vs. -0.07, p=0.41 respectively). Table 4 presents linear regression analyses of the effect of cumulative farming exposures during follow-up on lung function for farmers only, using the same confounders as in previous analyses (Table 4 ) and including sex. When farming exposure was assessed by quartiles of dust and endotoxin (analysis A and B) no significant differences were seen among the different quartiles in farmers and change in lung function, and the quartiles of exposure in farmers were not associated with change in lung function compared to the controls (data not shown). E=Estimate. 95% CI=95% Confidence Interval. p=p-value. Mutually adjusted for smoking, second hand smoking, sex, being raised on a farm, baseline BHR, and follow-up BMI.
Analyses by type of farming did not show systematic differences between only cattle-, only pig-or mixedfarmers (Table 4 (C)), and the type of farming was not associated with change in lung function compared to the controls (data not shown).
Multivariable linear regression analysis comparing only current farmers with ex-farmers (controls excluded)
showed a significant worse effect among current farmers on ΔzFEV1 (-0.12, p=0.006) and ΔzFEV1/FVC (-0.15, p=0.009) (Table 4 (D) ). The total cumulative dust exposure was significantly lower among the exfarmers (mean±SD: 6.3 mg·m -3 ·yrs ± 6.7) compared to the current farmers (17.5 mg·m -3 ·yrs ± 11.4, p<0.001 ranksum test) and the same was true for the cumulative endotoxin exposure (2300 EU·m -3 ·yrs ± 2900 vs.
6500 EU·m -3 ·yrs ± 5400, p<0.001 ranksum test). However, when assessing only current farmers no exposure-response relationship between change in z-scores and their quartiles of dust and endotoxin exposures was seen and the same was true for ex-farmers and their quartiles of exposures (data not shown).
A significant interaction term between sex and current farming was seen in the model for ΔzFVC (-0.30, p=0.034) and a borderline significant interaction term was seen in the model for ΔzFEV1 (-0.25, p=0.08).
This indicates that sex modifies the effect of current farming on change in lung function compared to exfarming with females being more susceptible (references in the model with the interaction term were male ex-farmers).
DISCUSSION
In this study the longitudinal change in lung function among young farmers did not differ significantly from the lung function change among controls when compared to population reference levels. Being a current farmer compared to an ex-farmer had a larger negative impact on lung function. This might suggest a negative effect of high levels of dust and endotoxin exposures. However, looking at the quartiles of exposure no exposure-response relation was seen, though it may represent a more acute effect on lung function among current farmers.
The lung function change was negatively associated with baseline BHR, smoking and not being raised on a farm. Smoking had a negative effect on ΔzFEV1 and ΔzFEV1/FVC but only among farmers. This finding could suggest the effect of smoking to be modified by farming exposures, though we found no significant interaction between farming exposure and smoking (data not shown). The lack of an effect of smoking in the controls could be that there were too few subjects to detect a true effect. However, smoking prevalence in the 94 female farmers was 24.5% and lower than in the controls (25.6%) and yet an effect on ΔzFEV1 was seen in the female farming smokers compared to non-smokers (Table S2) .
We found a significant interaction between baseline BHR and place of upbringing. This suggests that farm upbringing attenuates the negative effect of BHR on lung function. The protective effect of being raised on a farm was not due to preexisting impairment of lung function among those raised on a farm and there were no significant differences in prevalence of BHR between those raised on a farm and those not, neither among farmers nor controls. Terho et al and Schulze et al [19, 20] similarly found no difference in BHR prevalence among those raised on a farm and those not. To our knowledge no other study has seen an interaction between BHR and place of upbringing and the effect of this on the development of lung function.
We also found a significant interaction between sex and farming status, showing a negative effect on ΔzFVC and ΔzFEV1 primarily among female current farmers. This could be a reflection of a higher susceptibility in females towards the chronic occupational exposure. We have shown in earlier studies that female workers in the wood industry also seem to be more susceptible to the occupational exposure [21] .
We cannot predict when the peak of lung function was reached during follow-up for each individual.
Therefore, we do not know if the impaired lung function seen among current farmers compared to exfarmers depicts an actual impaired lung development during follow-up or a deleterious effect from farming exposure on fully developed lungs. But as the absolute values show an increase in FVC during follow-up, we know that some of the participants have been exposed during lung development. To be able to say more about the actual impact on lung development, multiple repeated measurements of lung function during the follow-up period would have been needed.
Assessing the lung function change of young people using the GLI-2012 equations covers the change in one continuous set of prediction equations. We found that z-scores for lung function increased during follow-up in both farmers and controls, confirming that longitudinal lung function change in the young is different from that estimated from cross-sectional lung function prediction equations [22, 23] , possibly due to cohort effects. One problem that may still be present is that the error between longitudinal and cross-sectional equations might be sex dependent. A limitation of our study is the lack of female controls and this restraint might have affected our results. However, the estimated effects did not change when all women were excluded from the analyses (data not shown).
Adjusting for the baseline level of lung function in regression analyses testing estimates of effect on lung function change is a controversial and highly debated practice because of correlated errors between lung function level and lung function change [24] . The effects of these correlated errors on the regression coefficients may lead to bias due to the "horse-racing effect" [25, 26] whereby loss is negatively associated with attained level, i.e. the lower one's function, the more one loses [24] . To avoid over adjustment we did not adjust for baseline z-scores and this choice was supported by a sensitivity analyses including baseline zscores for lung function in the regression models which did not change the estimates of effect (data not shown).
In our study occupational history was based on self-reported questionnaires introducing possible recall bias concerning the reported details of each employment. In our exposure assessment we included actual personal dust measurements allowing us to calculate individual quantitative cumulated exposure estimates during follow-up. The dust and endotoxin exposure estimates were however strongly correlated. Other nonassessed exposures in the farming environment, such as ammonia, molds, and disinfectants, may be similarly correlated to our measured exposures [3, 27] . Therefore it is not possible to state the exact elements of the farming exposure that have an effect on the lung function changes over time. We may have underestimated the true total exposures because of possible improvements in the farming environment that were accomplished during course of the follow-up in terms of better ventilation and cleaning systems; but a recent review suggest that no clear downward trend in exposure of livestock farmers is observed during the last 3 decades [28] .
The strength of this study is the reliable information on health, smoking habits, working history and specific exposure in a large follow-up cohort of young adults. Thorough lung function testing was performed with good internal consistency and reproducibility [15] . The lung function measurements were assessed the same way at baseline and follow-up by the same small group of assessors. The baseline farming cohort comprised 79% of all farming students in Denmark during 1992-1994 [29] . A participation rate at follow-up of only 51.7% may relate to the follow-up examination no longer taking place at the subjects' place of work (as it did at baseline) and that the study subjects were all young with changing personal circumstances.
Differences in demographics between participants and non-participants at follow-up were small and we do not expect these to influence the results. We consider our results to be representative for Danish farmers, as well as farmers in temperate zones with similar farming methods.
We found no differences in lung function Δz-scores between farmers and controls; however we can conclude that continuing farming exposure in young adults is associated with a negative effect on lung function development when compared to those who quit farming, with this effect being more prominent in females.
Being bronchial hyper responsive has a negative effect on longitudinal lung function which is attenuated in those raised on a farm. Already at this young age smoking has a clear deleterious effect on lung function development so preventive measures to reduce occupational exposures from farming should include those of a young age and advice against smoking should be given at every opportunity.
